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ABSTRACT 

A t r a d e o f f  s tudy  shows tha t  t h e  l e v e l  of u n c e r t a i n t y  
of the Martian atmosphere can have a marked e f f e c t  on landed 
paylcad. Taking Viking as an exa;nple, i f  the  minimum des ign  
Martian atmosphere w e r e  known more a c c u r a t e l y ,  t h e  Viking 
a e r o s h e l l  diameter could be reduced. T h i s  i s  because t h e  

d e n s i t y  and the aeroshell s i z e .  The corresponding sav ing  i n  
a e r o s h e l l  weight could be t r a n s l a t e d  i n t o  an i n c r e a s e  i n  the  
s c i e n t i f i c  payload. 
a 1% reduct ion  i n  a e r o s h e l l  weight can y i e l d  a 4 %  s c i e n t i f i c  
payload weight i nc rease .  Reasonable estimates of the atmos- 
phere sugges t  t h e  landed sc ience  weight could be n e a r l y  
doubled. 

dece lera t ing  drag farce is prapcr t icnz l  tc t h e  atmcspheriz 
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INTRODUCTION 

A major component of t h e  Viking atmosphere e n t r y  
system i s  the  aeroshell. As shown schemat ica l ly  i n  F igure  1, 
i t s  func t ion  i s  t o  provide the  i n i t i a l  d e c e l e r a t i o n  of  t h e  

t h e  b a l l u t e  and chute  systems can be u t i l i z e d .  T h e  e n t r y  pro- 
f i l e  must be designed f o r  the  most adverse cond i t ions .  W i t h  
r e s p e c t  t o  t h e  a e r o s n e i i ,  t h i s  corresponds t o  des igning  f o r  a 
minimum d e n s i t y  model of t h e  atmosphere, s i n c e  the  d rag  force 
a iong  t n e  e n t r y  t r a j e c t o r y  v a r i e s  as the d e n s i t y .  Thus a 
smaller a e r o s h e l l  s u f f i c e s  t o  produce t h e  s a m e  d e c e l e r a t i o n  
i n  a denser  atmosphere. We cons ider  here the p o s s i b l e  i n c r e a s e  
i n  scientific payivad w e i g h t  o b t a i n a b l e  i f ,  upon improving ou r  
knowledge of the  M a r t i a n  atmosphere, t h e  aeroshell  can be 
designed fo r  a denser  atmosphere than  i s  p r e s e n t l y  cons idered  
safe. 
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A Viking working weight model f i x e s  the t o t a l  
l a n d e r  weight after b i o s h e l l  s e p a r a t i o n  and d e o r b i t i n g  a t  
1 , 8 6 0  l b .  The weight of t h e  a e r o s h e l l ,  i n c l u d i n g  the  heat 
s h i e l d  and w i r e  harness ing ,  i s  320 l b ,  w h i l e  t h e  scheduled 
weight fo r  t h e  landed science package i s  75 l b .  Thus a 1% 
reduc t ion  i n  a e r o s h e l l  weight may be t r a n s l a t e d  i n t o  a 4% 
i n c r e a s e  i n  t h e  landed sc ience  weight.  Moreover, such a 
p o s s i b l e  weight s h i f t  i s  a srnall f r a c t i o n  of t h e  total. l ande r  
weight ,  so  an aeroshe l l - sc ience  package t r a d e o f f  can be per- 
formed wi thout  s i g n i f i c a n t  impact on t h e  rest  of  t he  l ande r .  

AEROSHELL SENSITIVITY 

To i l l u s t r a t e  t he  s e n s i t i v i t y  of  t h e  Viking a e r o s h e l l  
t o  ou r  knowledge of t h e  Martian atmosphere, we cons ide r  a s imple 
model f o r  t h e  a e r o s h e l l  phase of t h e  e n t r y  p r o f i l e .  A f t e r  l a n d e r  
s e p a r a t i o n  and d e o r b i t  ope ra t ion ,  t h e  l ande r  of mass M e n t e r s  
the Martian abiosphere a t  an a l t i t u d e  HE,  e n t r y  angle yE, and 
e n t r y  speed VE. For our model, w e  demand t h a t ,  g iven any des ign  

tude  HB where t h e  l ande r  speed i s  f i x e d  a t  Vp.  For s i m p l i c i t y  
3tmr.enhrrrrs n< 1 - 4 -  r . h T r 4 - n  h ~ l v - t n  ann1 n.rmrrnt naa.--- -.A 
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w e  assume t h a t  the aeroshell has ze ro  l i f t . *  S ince  t h e  drag  
f o r c e  on the a e r o s h e l l  is much g r e a t e r  than  the g r a v i t a t i o n a l  
f o r c e  on the l ande r ,  the  e n t r y  t r a j e c t o r y  f o r  t h e  a e r o s h e l l  
phase i s  adequately represented  by a s t r a i g h t  l i n e .  T h e  
equat ion  of motion f o r  t h e  lander  du r ing  t h i s  phase i s  

where V i s  t h e  lander  v e l o c i t y ,  FD t h e  drag f o r c e ,  CD t h e  d rag  
c o e f f i c i e n t ,  p the atmospheric d e n s i t y ,  and A the  p r o j e c t e d  
aeroshell area on a p lane  normal t o  V. For a f i x e d  a e r o s h e l l  
shape a t  hypersonic  speeds,  pressure-drag i s  t h e  dominant drag  
f o r c e  and C, can be assumed cons tan t .  If w e  d e f i n e  t h e  a l t i t u d e  

p = pgdH', then the s o l u t i o n  of (1) can be w r i t t e n  as 

H by dH = V-Sin YE d+_ and the  a+_r??nspheri~ pr~,cscre p hlr 
H 

H e r e  A = M/C$ i s  the  ba l l i s t ic  parameter and g t h e  g r a v i t a t i o n a l  
a c c e l e r a t i o n .  T h i s  r e s u l t  i s  f o r  a g e n e r a l ,  p l a n a r  atmosphere. 

By use  of (2), w e  can c a l c u l a t e  t he  a e r o s h e l l  area 
requ i r ed  t o  decelerate t h e  lander  t o  the  v e l o c i t y  VB a t  t h e  
a l t i t u d e  HB, where the p i l o t  chute  o r  b a l l u t e  i s  deployed. W e  
suppose t h a t  t h e  des ign  atmospheric p r e s s u r e  i s  p1  a t  the a l t i t u d e  
HB, and t h a t  p 1  corresponds t o  t h e  p r e s e n t  99% confidence l e v e l  
f o r  t he  Martian atmosphere. I f ,  a t  some f u t u r e  d a t e ,  o u r  
knowledge of t h e  Martian atmosphere i s  improved, we  should be 
a b l e  t o  scale-down t h e  aeroshell and s t i l l  d e c e l e r a t e  t h e  
l a n d e r  t o  t h e  v e l o c i t y  VB a t  t h e  a l t i t u d e  HB where t he  9 9 %  
confidence level f o r  the pressure  i s  now p > . The p o t e n t i a l  
a e r o s h e l l  weight sav ing  can be computed f r a m p t 2 )  and w e  f i n d  

*The e n t r y  p r o f i l e  depic ted  i n  F igure  1 i s  f o r  a ze ro  l i f t  
aeroshell. T h e  c u r r e n t ,  r ev i sed  a e r o s h e l l  des ign  ca l l s  f o r  a 
--- 1iFt- to-drag coefficient rat ic! of 0 .135 .  
aeroshell l i f t ,  t h e  b a l u t e  can be rep laced  by a p i l o t  chute  

I3.y allcwing fer 

whose func t ion  i s  t o  deploy t h e  main chute .  (1) 
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where m and m2 are t h e  masses of  t h e  a e r o s h e l l s  designed f o r  t h e  
atmospheric p r e s s u r e s  p1 and p r e s p e c t i v e l y .  W e  have assumed 
t h a t  t h e  a e r o s h e l l  mass is  d i r e c t l y  p r o p o r t i o n a l  t o  i t s  p r o j e c t e d  
area. 

1 
2 '  

W e  can i l l u s t r a t e  p o t e n t i a l  a e r o s h e l l  weight sav ings  
=s ing  (31. L e t  t h e  s u b s c r i p t  1 refer  t o  t h e  c u r r e n t  design.  
The model Martian atmosphere assumed f o r  aerodynamic loading  
and hea t ing  purposes i s  a minimum scale h e i g h t  atmosphere='&' 
For t h i s  model, t h e  s u r f a c e  p re s su re  i s  4 m b  and p i l o t  chute  
deployment occurs  a t  an a l t i t u d e  H, = 30,000 f t  where t h e  Mach 

number i s  2.2 and t h e  dynamic p r e s s u r e  i s  1 0  p s f .  This  co r re s -  

I ? \  

u 

ponds t o  an atmospheric pressure  of p1 = 1.4 m b  a t  30,000 f t .  (2) 

P r e s e n t l y ,  t h e  Mars s u r f a c e  p r e s s u r e  i s  thought t o  be 
5.5 mb wi th  a scale h e i g h t  of 1 5  km. 
atmosphere i s  a conse rva t ive  one f o r  des igning  t h e  a e r o s h e l l .  
I f  t h e  design atmospheric p re s su re  a t  3 0 , 0 0 0  f t  could be r a i s e d  
20% t o  p2 = 1 . 7  mb, t h e  separable  a e r o s h e l l  weight  could be re- 
duced from 320 l b  t o  264 l b .  This  would be obta ined  by reducing 
t h e  a e r o s h e l l  diameter  by  1 f t  from i t s  p r e s e n t  va lue  of  11.5 f t .  
The 56 l b  weight sav ing  would then be a v a i l a b l e  t o  expand t h e  
s c i e n t i f i c  payload. 

The minimum s c a l e  h e i g h t  

For t h e  given example, the i n c r e a s e  i n  des ign  p r e s s u r e  from 
1.4 m b  t o  1 . 7  mb a t  3 0 , 0 0 0  f t  can s a f e l y  be made us ing  o u r  p r e s e n t  
knowledge of t h e  Martian atmosphere. 
i n  a e r o s h e l l  s i z e  and weight ,  however, r e q u i r e s  f u r t h e r  con- 
s i d e r a t i o n s  t o  a s c e r t a i n  compa t ib i l i t y  w i th  t h e  des ign  and 
eng inee r ing  i n t e r f a c e s  of the res t  of t h e  Viking lander .  

The suggested mod i f i ca t ion  

CONCLUDING REMARKS 

The proposed Viking aeroshell  and landed s c i e n c e  pack- 
age weights  are both s m a l l  compared t o  t h a t  of t h e  res t  of t h e  
Viking lander .  Thus i f  w e  view weight as t h e  only c r i t e r i o n ,  a 
t r a d e o f f  between t h e s e  t w o  components should n o t  s e r i o u s l y  a l t e r  
t h e  o t h e r  system des igns .  However, o t h e r  c r i te r ia ,  both  des ign  
and managerial ,  must be considered. For  example, packaging and 
syste~o  i n t e g r a t i n g  modi f ica t ions  would m o s t  l i k e l y  be r equ i r ed  
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i f  a 10-20% reduc t ion  i n  a e r o s h e l l  s i z e  w a s  des i r ed .  On t h e  
o t h e r  hand, no s i g n i f i c a n t  changes should be  necessary  t o  main- 
t a i n  adequate h e a t  s h i e l d i n g  or  s t r u c t u r a l  i n t e g r i t y  o f  t h e  
aeroshell. 

The s i z e  and, therefore, weight  of t h e  a e r o s h e l l  are 
dependent upon t h e  model Martian atmosphere which must be  designed 
for .  I f  our  knowledge of the Mars atmosphere w e r e  improved so 
t h a t  t h e  lower bound on the s u r f a c e  p r e s s u r e  w e r e  r a i s e d ,  t h e  
Viking a e r o s h e l l  could be reduced i n  s i z e .  The r e s u l t i n g  weight  
sav ing  may be used t o  inc rease  t h e  sc i ence  payload. If  such a 
t r a d e o f f  i s  n o t  p r o h i b i t e d  by other  c o n s i d e r a t i o n s ,  a doubl ing 
of t h e  landed sc i ence  weight  i s  a p l a u s i b l e  expec ta t ion  from a 
modest improvement i n  our  knowledge of t h e  Martian atmosphere. 
T h i s  is  an important  i n s t ance  where an appa ren t ly  s m a l l  res idual  
u n c e r t a i n t y  i n  environmental  des ign  c r i t e r i a  has a p o t e n t i a l l y  
large e f fec t  oii mission performance. 

LO 1 4 - JLB-dly  
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